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 要  旨 
UWB(Ultra -wideband)レーダは，高い距離分解能を有し，光学センサが適用困難な暗闇や濃
煙環境下での計測が可能であるため，救助ロボットやセキュリティーシステム，高齢者等の見守
りシステムに搭載する近距離立体イメージングセンサとして有望である．同レーダを用いた高精
度画像化技術として，合成開口処理(Synthetic Aperture Radar :SAR)や RPM(Range Points 
Migration)法などがこれまでに提案されている． 
一般に，レーダ画像化では素子可動領域が十分に確保できない状況下では，特に遠方にある目
標物体の画像再現領域を十分に確保することが難しいという問題を有する．上記問題を解決する
ため，人体や目標形状を近似的に楕円体の集合とみなし，楕円外挿法を適用することで目標形状
を外挿する手法が提案されている．同手法は，観測データから直接的に抽出される距離点群を用
いた楕円当てはめを採用しており，目標形状推定点群の推定誤差の影響を受けないため，高精度
に外挿可能である．しかし，同手法は楕円体近似に基づくため，楕円体と大きく異なる目標形状
に対しては外挿精度が著しく劣化する問題がある． 
本論文では，上記の問題点を解決すべく，多偏波散乱データ解析により，RPM法で再現される
各推定点に楕円体の一部を当てはめる手法を提案する．本手法では様々な楕円体目標に対する多
偏波散乱データを解析・学習し，RPM法による推定点を点の集合ではなく，楕円体の一部の集合
で表現する．一般に，各偏波情報には，目標境界の散乱中心位置付近の局所的情報だけではなく，
目標形状全体の大局的な情報が含まれており，形状推定に有用である．提案法では，様々な楕円
体目標からの多偏波散乱データを FDTD(Fnite Difference Time Domain)法で生成し，形状推定
に有用な特徴量をNeural Network（NN と呼称）で学習させる．次に，RPM法で得られた目標
推定点に対して，NN から楕円体パラメータを推定し，その一部を RPM 法の推定点に当てはめ
る．また，距離減衰による振幅補正を考慮する距離補正法を導入する．多様な目標形状に対して，
FDTD法により生成されたデータを用いて，提案法の有効性を示す． 
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1.1 ??
????????????????????????????????????
????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
??????? [1]????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
??????????????????????TOF (Time of Flight)????
??????????TOF????????????????????????
???????????LED???????????????????????2
?3m??????????????? 10cm ????????????????
?????????????????????????????????????
?????????????????????????????????????
??UWB(Ultra Wideband)??????UWB???????????????
???????????????????????mm????????????
?????????????????????????????????????
???????????????????????? (Synthetic Aperture Radar
:SAR)[2]?RPM(Range Points Migration)? [3, 4]???UWB????????
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? 1 ? ??
??????????????????????????????RPM????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
????????????????????????????????????
?????????????????????????????????????
?????????
????????????????????????????????????
???????????????????????????????? [5]???
?????????????????????????????????????
??????????????????????RPM????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
???
1.2 ??
???????????????????????????????????
?????????????????????????????????????
???????????????FDTD(Fnite Dierence Time Domain)????
?????????????? Neural Network?NN ????????????
??RPM????????????????????????????????
?????????????????????????????????????
??????????????????????????????????FDTD
?????????????????????????????????
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? 2 ?
???????????
?????????????????????????????????????
??????????????????
2.1 ???????????
??????????????????????????? (Synthetic Aperture
Radar?SAR)?RPM?????????
2.1.1 ??????? (Synthetic Aperture Radar: SAR)
??????? (SAR: Synthetic Aparture Radar)[6]?????????????
??????????????????????????????????????
???????????????????????????? (Ground Penetrating
Radar)[7]????????????????????????????????
????????????????????????????????????
????????????????????????? (InSAR: Interferometric
SAR)[8]?????????????????????????????????
????? (ISAR: Inverse SAR)[9]????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
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? 2 ? ???????????
???.?????X?2??????? (x; z)???????????????
???????????? ?????????.????? z > 0??????
??????? x???????????????? (x; z) = (X; 0)??????
????????????? I(x; z)?????????
I(x; z) =
Z
X2 
s(X;
p
(x X)2 + z2)dX (2.1)
???? ????????????s(X;Z)??????Wiener???????
???????????? 2.1???????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????
? 2.1: ?????????????????
4
? 2 ? ???????????
2.1.2 RPM(Range Points Migration)?
RPM? [3, 4]?????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
???????????????????????????
????, ???? (X; Y; 0)?????, ?????????????Z???
???????????????????????????. ??? (X;Y; Z)?
?????????? (Xi; Yi; Zi)?????????????????z = 0??
?????????????????Li????? 2.2? z = 0??? 2????
?? Li?????????????? z  0????????????????
? (x; y)??????????????????????????? (x; y)???
???
f(x; y; q; qi) = e
 d(x; y; q; qi)
2
22d (2.2)
????q = (X; Y; Z)?qi = (Xi; Yi; Zi)????d(x; y; q; qi)?????Li? (x; y)
????????????(Xi; Yi; Zi)???????????? (X;Y; Z)???
?????(x; y)??????????????????????????? (x; y)
????????????? F (x; y; q)???????.
F (x; y; q) =

NqX
i=1
s(Xi; Yi; Zi)f(x; y; q; qi)e
 D(q; qi)
2
22D
 (2.3)
????D(q; qi) =
p
(X  Xi)2 + (Y   Yi)2????d? D ????????
??????????? q????????? x? y????????????
(x(q); y(q)) = argmaxF (x; y; q) (2.4)
x; y
????? z??? z(q) =
q
Z2  X(q) X2 + Y (q)  Y 2?????????
???????????????????????.
(q) = F (x(q); y(q); q) (2.5)
(q)  max(qi) (2.6)
5
? 2 ? ???????????
???, ??????. ?????RPM??????????????????
????????????????????????????? (x; y; z)????
? [10]?
???????????????? 2.3????????, ?????????
??????????????????????RPM????????????
?????SEABED???????????????????????????
?????????????????????????????????????
?????????????????????????????????????
???????????????????????????????
? 2.2: z = 0??? 2?????? Li
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? 2 ? ???????????
? 2.3: RPM???????????
2.2 ???????
????????????????????????????????????
?????????????????????
2.2.1 ?????????????
????????????????????????????????????
?????????????????????????????????????
????????????????????????? [11]??????????
?RPM???????????????????????
????????????????????????RPM?????????
??????????????????????????????RPM????
?????????????????????????????????????
?????????????????????????????????????
???????? z = 0????????????? pL = (X; Y; 0)??????
?????????R???????? (x; y; z)???????????????
? z  0?????????s0(X;Y; Z)????? (x; y; z) = (X; Y; 0)?????
??????s(X; Y; Z)?????????Wiener?????????????
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? 2 ? ???????????
???????????????????????????(X; Y; ZS)?????
?????????????????????????????????????
???????????? (X; Y; ZD)????? 2.4?????????????
?????????????????????????? p1?p2???????
pi  (xi; yi; zi) = pL +
2664
Zicosicosi
Zisinicosi
Zisini
3775
T
(i = 1; 2) (2.7)
????0  1; 2 < 2????0 < 1; 2  2 ????p1???????2? 2
?????????????
2 = cos
 1
r
(2
@ZD
@X
+ cos1cos1)2 +
r
(2
@ZD
@Y
+ sin1cos1)2 (2.8)
2 = arg(
2@ZD
@X
  cos1cos1
cos2
) + j(
2@ZD
@Y
  sin1cos1
cos2
) (2.9)
????j????????????????? prpmi  (xrpmi ; yrpmi ; zrpmi )????
RPM????????????????qi  (Xrpmi ; Y rpmi ; Zrpmi ); (i = 1; :::; N rpmR )
?????????????
Z2 =
1
2
Z21 + (2ZD   Z1)2 + 2(2ZD   Z1)(prpm1   pL)  erpm3;i
(prpm1   pL)  erpm3;i + 2ZD   Z1
(2.10)
erpm3;i = e
rpm
1;i   2(erpmn;i  erpm1;i )erpmn;i (2.11)
????????erpm1;i = (prpm1   pL)= k prpm1   pL k??????????? erpmn;i
????????????
erpmn;i =
(Xrpmi   xrpmi ; Y rpmi   yrpmi ; zrpmi )
Zrpmi
(2.12)
? 2.5?????????????????RPM???????????????
???????????????????????????????????RPM
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
???????????????????????????????
8
? 2 ? ???????????
? 2.4: ???????????????
? 2.5: ????????????????
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? 2 ? ???????????
2.2.2 ??????????
????????????????????????????????????
???????????????????? [5]??????RPM???????
?????????????????????????????????????
????????????????????????RPM??????????
?????????????????????????????????????
RPM??????????????????????????????????
???????????????????????RPM???????????
????????????????????????????????????
???? (X;Y; 0)???????????????R???????????
??? (X; Y;R)??????????? (X;Y;R)???RPM????????
???????????????????????????????????RPM
?????????????????????????????????????
?????????????????????????????????? P^Di ?
????????
P^
D
i =argmin
P
NiX
k=1
fRk;i Rk(P )gd2k;i +1
2wk;i (2.13)
????i???????? k????????????????? (Xk;i; Yk;i; Rk;i)
????????????????????Rk(P )? (Xk;i; Yk;i)? P ????
?????????????????
Rk(P ) = argmin
m
k rk;i   r(m)k (P ) k (2.14)
????m  4? (Xk; Yk)?? P ????????????????r(m)k (P )?
??????????????dk;i? (Xk;i; Yk;i)??P ????????????
?????????????? (d2k;i= + 1)?????????????????
??????????????????????????wk;i?????????
?????????????????????
wk;i=
MkY
j=1

1  exp

  l
2
i;j;k
22

(2.15)
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? 2 ? ???????????
Mk? (Xk;i; Yk;i)?????????????????????????????
???li;j;k???????????????????????????????
???????????????????? 2.6?????????RPM???
?????????????????????????????????????
????????????????? 2.7??????????????????
????????????????????????????
? 2.6: ???????
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? 2 ? ???????????
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2.3 ????????????
?????????????????????????????? (Polarimetry
Synthetic Aperture Radar?POLSAR)??????????????????
2.3.1 ?????????? (Polarimetric SAR: PolSAR)
?????????????????????????????????????
????????????????????????????????? (PolSAR?
Polarimetric SAR)???????? [12]??????????????????
?????? 1???? Stokes??????????????????????
???z????????????????????? x,y??????????
???????Ex?Ey???????Ex?Ey???????????????
???? x-y???????????????????? 2.8?????????
????????????????????????????A???????
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? 2 ? ???????????
????? 2.9??????????????????????A??????
?????????????????????????????????????
? Stokes????????????????
Stokes???? g???????????2666664
g0
g1
g2
g3
3777775 =
2666664
jExj2 + jEyj2
jExj2   jEyj2
2Re(EyE

x )
2Im(EyE

x )
3777775 = A2
2666664
1
cos 2 cos 2
sin 2 cos 2
sin 2
3777775 (2.16)
g0?g1?g2?g3????????????????????45????????
????????????????Ex?Ey?????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
????????????????????????????????????
???????????? (H)?? (V)???????????????????
???? 2.10???????????????-?????HH?HV?VH????
?????????????????????????????????????
??????????????????? [13]????????????????
????????????? [14]?
????????????????????????????????? kP ?
?????????
kP =
1p
2
2664
SHH + SV V
SHH   SV V
2SHV
3775 (2.17)
????SHH?SV V?SHV ???????????????-??????????
??SHV ?H??-V ???????????SHH +SV V ??????SHH  SV V
??????SHV ????????????????? 2.11?????????
13
? 2 ? ???????????
????????????????????????????????SHH +SV V
?????????????? SHH   SV V ?????????????????
??????????? SHV ???????????????????????
???????????????
? 2.8: ??????????
? 2.9: ????????????????
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? 2 ? ???????????
? 2.10: ?????????????? (?:HH ?:HV ?:VV)
? 2.11: ?????????????? ((a):???? (b):?????)
???? Relation between degree of polarization and Pauli color coded image to
characterize scattering mechanisms?
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? 2 ? ???????????
2.3.2 ???????
????????????????????????????????????
????????????????????????????????????
???????????? [15]?????????????? 1????MP??
? (Multiparameter Radar)????????????????????????
???????????????????????????????ZH????
????????????????????????
ZH = C
Pr
Pt
(2.18)
???C?????????????????????????????????
Pr?????Pt???????????????MP?????????? 2?
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
??? 2.12???????????????????????????????
??????????????????KDP ?????????????
KDP =
1
2
d
dr
DP (2.19)
???DP ???????????? 2.13?????????????MP??
?????????????????????????????????????
?????MP??????????????????????????????
?????????????????????????????????????
????????????
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? 2 ? ???????????
降雨域
水平偏波
垂直偏波
Φ
? 2.12: ????????????????????
? 2.13: ?????????????? (?:??? ?:MP???)
??? International Weather Radar Networking?(Springer)
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? 3 ?
????????????????
?????????????????????????????????????
???????????????
3.1 ?????
? 3.1????????????????????????????????
??????????????????? z = 0?????????????
(x; y; z) = (X;Y; 0)??????????? x?? y????????????
?????????????? ???????s0i;j(X;Y; t)????? (X;Y; 0)
?????i(i = x; y)????????????j(j = x; y)??????????
?????????????????t???????????????????
???????s0i;j(X;Y; t)????????????Wiener??????????
Wiener??????? si;j(X; Y; t)??????????
si;j(X; Y; t) =
Z 1
 1
W (!)S 0i;j(X; Y; !)e
j!td! (3.1)
????S 0i;j(X; Y; !)????????????????W (!)?
W (!) =
Sref(!)

(1  )S20 + jSref(!)j2
S0 (3.2)
???? = 1=f1+q(S=N) 1g????S0??? q??????????Sref(!)?
???????????????????*?????????Wiener??????
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? 3 ? ????????????????
?? S/N?????  ' 1???????????????????? S/N??
???  ' 0???????????????????????????Wiener
??????? si;j(X; Y; t)????????????????????????
? c????R0 = ct=2????? t????????R0????????Wiener
???????? si;j(X; Y;R0)????????? si;j(X; Y;R0)????????
????????????????????????????? q  (X; Y;R)?
???
@si;j(X; Y;R
0)
@R0
= 0
si;j(X; Y;R)   max
R0
si;j(X; Y;R
0)
9>=>; (3.3)
????(> 0)???????
???????????????????????????? (x; y; z) = (0; 0; 0)
?????????????????? 2?? x??y????????a?b?c?
x??y??z????????z?????? ?????????? (0; 0; z0)?
???
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2
-22
2
4
6



? 3.1: ?????
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? 3 ? ????????????????
3.2 ?????
???????????????? Stokes????????????????
???????????????????????????????????
3.2.1 ?????????
????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
???????????????????????? [16, 17]?????????
???????????????????x?????????????? x??
?????? y??????????????????????? Sxx? Sxy??
??????y??????????x???????Syx? y???????Syy
??????????????????????S????????????
Es =
24 Esx
Esy
35 =
24 sxx sxy
syx syy
3524 Etx
Ety
35 = SEt (3.4)
????Et??????Es?????????sxx????????????
sxx =
Z t+T
t
s0x;y(X; Y; t)dt (3.5)
????T ???????sxy?syx?syy???????????????????
?????????????????????????????????????
?????????????????????????
????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
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? 3 ? ????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????
S =
24 sxx sxy
syx syy
35 = U
24 1 0
0 2
35U 1 (3.6)
????U ??????????????????????????
U =
24 u11 u12
u21 u22
35 (3.7)
???1?2???????????????????????? x???? y?
????????????????????????????Re???????
?????????????????????
Re =
1
1 + 2
(3.8)
????????????????????????????????????
?????? e????????????????
e = cos
 1 u11
u211 + u
2
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(3.9)
?????????????????????????????????????
??????????????????????
? 3.2???? a? 1:0  a; b; c  3:0???? 0:5???????????
?? 0:5??????????????????Re????????? 3.3??
3.4???? b??? c??????????????????Re????????
???? = 0??????????? T = 1:44?????????a????
??????????????Re?????????b???????????
???????Re??????????????????????a? b???
???????????? 0:5??????????????????????
??????? a? b???????????????????????????
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? 3 ? ????????????????
???c????????Re????????????????????????
???? 3.5? a = 3:0?b = 2:0?c = 0:5????? ? 40    40?
??? 10??????????????????? e????????????
?????????????? e??????????????????????
?????????????????????????????????????
?????????????????????????????? c? ????
??????????????????????????
0.5 1 1.5 2 2.5 3
0.47
0.48
0.49
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0.53

 ⁄
? 3.2: a?????????????????Re
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? 3.3: b?????????????????Re
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? 3.4: c?????????????????Re
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-40 -20 0 20 40
0
5
10
15


 = 3,  = 2.0,  = 0.5
? 3.5: ????????????????? 
3.2.2 Stokes?????
Stokes????????????????????????? Stokes????
????? 4???????? Stokes???????????????????
?????????????????????????????????????
??????????????????????????Stokes????????
?????????????????????????????????????
???Stokes???????????????????????????????
?????????Stokes???? g = [g0; g1; g2; g3]T ????????????
?????
g =
2666664
jExj2 + jEyj2
jExj2   jEyj2
2Re(ExE

y )
2Im(ExE

y )
3777775 = g0
2666664
1
cos2cos2
sin2cos2
sin2
3777775 (3.10)
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? 3 ? ????????????????
???g0???? 3.6???????????????????????????
Ex?Ey?????????8<: Ex = hErxErx i = h(sAxx + sAyx)(sAxx + sAyx )iEy = hEryEry i = h(sAxy + sAyy)(sAxy + sAyy )i (3.11)
???sAi;j(i = x; y; j = x; y)?Wiener???????????????????
??????????????????????
h(sAxx + sAyx)(sAxx + sAyx )i =
1
TA
Z t+TA
t
(sAxx + s
A
yx)(s
A
xx + s
A
yx )dt (3.12)
????TA??????h(sAxy + sAyy)(sAxy + sAyy )i???????????????
?????????? g0?? ???????????????
? 3.7???? a?b??? 1?? 1:0  a; b  3:0???? 0:5?????
???? 2?????? 0:5?????????????????? g0?? ?
??????? = 0???Stokes???????? TA = 1:44??????
???a?b????????????????????? g0??????????
?????????????????????? 0:5?????????? ?
????????????????????? a? b?????????????
??????????? 3.8???? c? 1:0  c  3:0???? 0:5????
????? 2?????? 0:5?????????????????? g0??
?????????c?????????? g0????????????????
?????????? z?????????????x? y??????????
????????????????????????????? 3.9? a = 3:0?
b = 0:5?c = 1:0????? ? 40    40???? 10????????
??????????? g0?? ?????????????????????
?????????? ?????????????????????????
???????????????? g0???????????????????
? g0????????????????????Stokes???????????
????????????????????????????????????
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
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? 3.6: ???????????? (g0; ; )
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
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? 3.7: a?b????????????????? (g0; ; )
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? 3.8: c????????????????? (g0; ; )
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∶ 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 = −20°					∶  = −30° 					 ∶  = −40°	

 

? 3.9: ????????????????? (g0; ; )
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3.2.3 ????????
????????????????????????????????????
??????????? Stokes??????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????sy;x????? sx;y???????
??????Wiener?????? sx;x?sx;y?sy;y?????????
? 3.10? b = 1:0?c = 0:5? = 0???a? 1:0  a  3:0???? 1:0
??????????????????? sx;x?sx;y?sy;y?????????a?
??????????????????????????????????????
sx;x??????????????? 3.11? a = 1:0?c = 0:5? = 0???b
? 1:0  b  3:0???? 1:0??????????????????? sx;x?
sx;y?sy;y????????????????????????????? sy;y??
??????????????????? 3.12? a = 1:0?b = 0:5? = 0?
??c? 1:0  c  3:0???? 1:0???????????????????
sx;x?sx;y?sy;y?????????c????????????????????
???????????????????????? z???????????
??x? y????????????????????????????????
?????sx;x??????????????????????????????
?????????? 3.10-3.12?????sx;y ???????????????
?????????????? 3.13? a = 3:0?b = 2:0?c = 0:5????
 40    40???? 20??????????????????? sx;x?sx;y?
sy;y???????????????????????????????????
???????????????????????????????????sx;x?
sy;y???????????sx;y???????????????????Wiener
????????????????????
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? 3.11: b?????????????????Wiener?????? sx;x,sx;y,sy;y
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? 4 ?
????????????????????
?????????????????????????????????????
?????????????????????????????? 3.1?????
?????????
4.1 ?????????????????????????
????????????????????????????????????
?????????????????????????????????????
??????????????????????????????????????
???? (Neural Network)?????????????????????????
?????????????????? a; b; c = 0:5; 1:0; 1:5; 2:0; 2:5; 3:0?
??????????? ? 40    40???? 10???????? 1944
???????????????????????????? 3????????
?? 30?20?10?????????????????????????????
????????? a?b?c???????????????????????
??????????????????????????????????
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4.2 ???????????
??????????????? Stokes?????????????????
???????????????????????
????????????? Stokes???????????????????
????????????????????????????????????
Stokes????? g0????? ? ??????????Stokes ???????
? TA = 1:44????? 4.1? Stokes???????????????????
?????????????????????????????????????
?????
a;i =
jat;i   ae;ij
jat;ij (4.1)
????at;i? ae;i? i?????????????????????b?c?
?????????????????????????????????
a =
PNe
i=1 jat;i   ae;ijPNe
i=1 jaj
(4.2)
????Ne???????????????? b? c? ??????????
? 4.2? Stokes?????????????????????????????
?????????????? ( a, b, c, )=(25:0%; 21:2%; 35:3%; 212:6%)????
???????????????????????????????????? 
???????????????????????????????????? g0?
? ????????????????????????
???????????????????????????????????
?????????????????????????????????????
??? stri;j(X; Y;Rk)(i = x; y; j = x; y)???????????
stri;j(X; Y;Rk) = si;j(X;Y;Rk  Rtar) (k = 1; 2; :::; K) (4.3)
???Rk = kR????R???????????Rtar??????????
????? 4.2?????????????????????????????K
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


Input layer Hidden layer
・・・
・
・
・
・
・
・
・
・
・
Output layer
O
u
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u
t



? 4.1: ?????????????? (Stokes?????)
? 4.1: ?????????????????????? (Stokes????????
????????)
True(a=,b=,c=,=[]) Estimated(a=,b=,c=,=[]) ( a, b, c, ) [%]
(1.70,1.00,2.50,30.0) (1.97,0.76,1.95,31.3) (15.88,24.00,22.00,4.37)
(1.50,2.20,3.00,20.0) (1.11,1.63,2.20,32.5) (26.00,25.91,26.67,62.25)
(1.00,2.00,2.70,40.0) (0.92,1.75,2.12,-30.2) (8.00,12.50,21.48,175.50)
(2.00,1.50,1.00,-35.0) (2.90,1.85,1.74,54.8) (45.00,23.33,74.00,256.63)
(1.40,2.80,2.00,10.0) (1.38,2.74,1.53,-0.94) (1.43,2.14,23.50,109.40)
(2.30,1.50,1.10,20.0) (2.61,1.32,1.39,0.35) (13.48,12.00,26.36,98.25)
(2.80,2.50,0.50,25.0) (1.55,1.13,1.60,-82.6) (44.64,54.80,220.0,430.32)
(3.00,1.70,0.90,30.0) (1.98,1.07,1.69,-70.3) (34.00,37.06,87.78,334.47)
(2.50,1.30,2.00,13.0) (2.82,1.03,1.67,53.2) (12.80,20.77,16.50,309.46)
(1.00,2.00,2.40,-15.0) (0.92,2.28,2.01,-4.4) (8.00,14.00,16.25,70.73)
(2.80,1.70,1.10,35.0) (1.95,1.77,1.83,-82.3) (30.36,4.12,66.36,335.34)
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? 200(KR = 1:44)???R = 4????? 4.3?????????????
?????????????????????
? 4.2?????????????????????????????????
???????????? ( a, b, c, )=(2:7%; 2:3%; 1:3%; 6:9%)?????????
Stokes?????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????
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? 4.3: ?????????????? (??????)
? 4.2: ?????????????????????? (???????????
??????)
True(a=,b=,c=,=[]) Estimated(a=,b=,c=,=[]) ( a, b, c, ) [%]
(1.70,1.00,2.50,30.0) (172,0.97,2.51,28.0) (1.14,2.68,0.28,6.76)
(1.50,2.20,3.00,20.0) (1.51,2.18,3.00,21.7) (0.85,0.73,0.05,8.53)
(1.00,2.00,2.70,40.0) (1.01,2.01,2.69,43.2) (0.62,0.56,0.24,7.99)
(2.00,1.50,1.00,-35.0) (2.02,1.48,0.97,-37.0) (0.97,1.48,3.48,5.39)
(1.40,2.80,2.00,10.0) (1.40,2.82,2.01,9.6) (0.33,0.64,0.36,3.68)
(2.30,1.50,1.10,20.0) (2.38,1.47,1.09,19.1) (3.39,2.18,1.07,4.34)
(2.80,2.50,0.50,25.0) (2.64,2.67,0.53,20.7) (5.87,6.77,5.92,17.34)
(3.00,1.70,0.90,30.0) (3.22,1.78,0.85,28.2) (7.48,4.97,5.27,6.15)
(2.50,1.30,2.00,13.0) (2.53,1.32,2.04,14.0) (1.20,1.82,2.03,7.48)
(1.00,2.00,2.40,-15.0) (1.02,2.01,2.39,-14.9) (1.76,0.67,0.22,0.55)
(2.80,1.70,1.10,35.0) (2.81,1.74,1.16,36.6) (0.35,2.46,5.00,4.57)
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? 5 ?
RPM?????????????????
?????????????????????????????RPM?????
??????????????????????
5.1 ???????
????????????????????????????RPM?????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????
? 5.1?????????????????????????????????
?????????? z = 0????????????? (x; y; z) = (X; Y; 0)??
????????? x?? y????????????????????????
?????????s0x;y(X; Y; t)????? (X;Y; 0)?????x???????
?????y???????????????????????????t????
???????????3.1???????????s0x;y(X; Y; t)????Wiener
??????????? sx;y(X; Y;R0)????
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? 5 ? RPM?????????????????
 ⁄  ⁄
 ⁄
Target
, 
Omni−directional	Antenna
? 5.1: ???????
5.2 ????????????
???????????????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
?????????? 2?????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????? (x; y; z) = (0; 0; 0)??????????
FDTD(Finite Dierence Time Doman)??????????????????
???? a; b; c = 0:5; 1:0; 1:5; 2:0; 2:5; 3:0?????? = 0?????
216??????????????????????????? sx;y?????
???????sx;x? sy;y?????????????????????????
??????? RA??????????????1:0  RA  10:0????
1:0????????????????????????Wiener???????
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? 5 ? RPM?????????????????
????????????????? L ????? 5.2? a = 0:5?b = 0:5?
c = 0:5? = 0????????RA?????????? RA???? L?
???????????????? L???????????????????
??????????? 3????????????????????????
?????????????????????????????????????
????? f(R;R0)?????????????????R?????????
????R0???????????????????????????????
???????????????????????????? 5.3???????
???? f(R;R0)????????????????????????????
stri;j(X;Y;Rk)??????????????
s0tri;j(X;Y;Rk) = f(R;R0)s
tr
i;j(X; Y;Rk) (5.1)
??????????????? s0tri;j????????????????????
????????
0 2 4 6 8 10
-4
-2
0
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
 ⁄
? 5.2: ?????????Wiener??????????
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? 5.3: ????? f(R;R0)
5.3 ????????????
??????RPM???????????????????????????
?????????????? RPM????????????????????
? 5.4????????????? qk = (Xk; Yk; Rk)(k = 1; :::; NRP)?RPM??
?????????????? pk = (xk; yk; zk)???????????????
????????NRP?RPM???????????????????????
??????? (Line Of Sight:LOS)????????????????????
?????????RPM?????????????? en;k ?????????
en;k =
pk   (Xk; Yk; 0)
jjpk   (Xk; Yk; 0)jj
(5.2)
? 3.1 ???????????????????? ez = (0; 0; 1) ??????
??RPM?????????pk??????????????????????
(xEk ; y
E
k ; z
E
k )??????????
(xEk ; y
E
k ; z
E
k )
T = Rk(xk; yk; zk)
T (5.3)
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? 5 ? RPM?????????????????
Rk? ez ? en;k ?????????????????????????????
? 3??????????????????
Rk =
0BB@
Cke
rot2
x;k + cos 
rot
k Cke
rot
x;ke
rot
y;k   erotz;k sin rotk Ckerotz;kerotx;k + eroty;k sin rotk
Cke
rot
z;ke
rot
x;k   eroty;k sin rotk Ckerot2y;k + cos rotk Ckeroty;kerotz;k   erotx;k sin rotk
Cke
rot
z;ke
rot
x;k   eroty;k sin rotk Ckeroty;kerotz;k + erotx;k sin rotk Ckerot2z;k + cos rotk
1CCA(5.4)
????erotn;k = (erotx;k; eroty;k; erotz;k)????erotn;k = ez  en;k ?????rotk ? ez? en;k
?????????Ck = 1  cos rotk ????????????????????
????????????????????? 5.5???????????????
?????????????????????????????????????
????????????????????RPM??????????????
????????????????????????????????????
?????	??????????????8<: 0  	  2 
2
   E
????E????????????????? 5.6?E = 49???????
???????????
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? 5.6: ????????
5.4 ????
???????????????
?? 1) sx;x(Xk; Yk; Rk)?????????????????qx;x;k????RPM
????????????? pk = (xk; yk; zk)(k = 1; :::; NRP)????
?? 2) pk ?????????? stri;j;k(X;Y;R)??????????????
??s0tri;j;k(X; Y;R)?????
?? 3) s0tri;j;k(X; Y;R)?????????????????(ak; bk; ck; k)???
???
?? 4) ?????????? (5.2)????????? en;k ????????pk
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?? 5) ????????????????????????????????
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?? 6) ????????????? 1?? 5??????
????????????? 5.7????
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??????????????????????RPM????????????
?????????????????????????????????????
??????????????????????????????????? 5.1
????????????
6.1 SNR???
????? SNR????????? s0i;j(X;Z; t)(i = x; y; j = x; y)??????
??? n(t)????S/N?????????????????????????
???????????????? n?????
S=N = 10log10
maxjsi;j;m(X;Z; t)j2
n
(6.1)
??????????si;j;m(X;Z; t)????? s0i;j(X;Z; t)??????????
?????????????? S/N????? (6.1)? i; j = x; x??? i; j = x; y
?????????????? S/N????????
??????????? 4??????????????RPM???????
?????? 6.1?????????????????????????????
????????????????FDTD(Finite Dierence Time Doman)???
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6.2 ???????RPM?????
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?????????????Wiener???????????? si;j(X;Y;R0)(i =
x; y; j = x; y)???????????????? (3.3)????????????
? qi;j = (X;Y;R)?????????? = 0:02??????????????
?? qi;j ??? RPM? [3]????????????????????????
???? 6.2???????RPM??????????????????????
?????????????????????????qx;x? qy;y???????
? qx;y? qy;x??????????????????????????????
????????????????????????????? x?????? y
?????????????????????????????????????
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6.4 ?????????????
????????????????????????????????????
???
e  min
xtrue
jjxei   xtruejj (i = 1; 2; : : : ; Nest) (6.2)
????xtrue?xie????????????????????????Nest??
?????????e  0.1??????????????????????
i
?????????????????????????? 
est =
S
i
i????
?????? Sest???????????? Strue??????????? Pa?
Pa = Sest=Strue??????Pa??????????????????????
????????????????????????????????????
6.4?????????? e  0:1?????????????????????
RPM??????????????????RPM?????????????
?????????????????????????????????????
???????????????????????????? 6.4???????
???????Pa???????????????????????RPM???
?????????????????????????
? 6.1: ???? e  0:1??????
S/N 1 dB 20 dB(sx;y) 30 dB(sx;x; sy;y)
Target ??? ???? ?? ??? ???? ?? ??? ???? ??
RPM? 100.0 76.0 100.0 100.0 86.0 100.0 100.0 83.5 98.3
??? 98.9 58.4 76.9 96.0 52.0 70.3 62.6 50.7 60.3
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? 6.2: ????????????? Pa
S/N 1 dB 20 dB(sx;y) 30 dB(sx;x; sy;y)
Target ??? ???? ?? ??? ???? ?? ??? ???? ??
RPM? 10.0 2.7 3.5 10.0 2.9 3.9 8.3 2.7 4.6
??? 25.3 26.7 20.2 37.9 26.6 23.8 42.2 23.8 26.2
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